Introduction
Abortions occurring during late gestation cause substantial economic loss. Estimates of the cost of an abortion to a producer ranged from $90 to $1,900 (Peter 2000; De Vries 2006; Hovingh 2009 ), depending on the time of the abortion, differences in predicted cow performance, and breeding and replacement decisions. Several recessive detrimental abnormalities that were associated with fetal death and abortion have been confirmed for Holstein breed and individual loci that reduce embryo viability or early fetal development in cattle were known. One of the common genetic abnormalities that cause abortion in Holstein cows is the complex vertebral malformation (CVM) (Agerholm et al. 2001) . The CVM causes malformations during the middle to late gestation, although a few pregnancies reach term and result in stillbirths.
Recently, the genotyping of hundreds of thousands of animals within popular U.S. dairy breeds using genomewide single nucleotide polymorphism (SNP) panels has provided the chance to find regions of the genome with unbalanced H-W equilibrium. The absence of expected homozygous haplotypes for a genomic region could be associated with detrimental effects on the development of the fetus and could produce abortion and stillbirth in Holstein cattle (VanRaden et al. 2011b; Glusman et al. 2014) . In 2011, three lethal haplotypes affecting fetal development in Holstein cattle were identified and localized on bovine chromosomes 5 (HH1), 1 (HH2) and 8 (HH3) (VanRaden et al. 2011b) . Two years later, 14 additional lethal haplotypes (HH4-HH17) were reported worldwide in Holstein cattle and meanwhile some were resolved on the molecular level, i.e. HH1 (APAF1) and HH3 (SMC2), HH4 (GART) and HH5 (TFB1M).
Most of the recessive genes associated with decline in fertility and pregnancy losses in cattle are difficult to discover and may be passed without detection that why they are not included in the list of factors leading to abortions.
HH1 resulted in uniform losses across the entire gestation period but HH3 produced embryo losses soon after conception (VanRaden et al. 2011a) . For HH1, 34, 51 and 63% of associated fertility loss occurred by 60, 100 and 140 days after breeding, respectively. For HH2, 56% of associated fertility loss occurred by 60 days after breeding and 94% by 100 days. For HH3, 93% of associated fertility loss occurred by 60 days after breeding (Norman et al. 
2012).
Selective breeding has minimized the extent of haplotypic diversity genome-wide. By identifying haplotypes for which homozygotes are not observed but would be expected based on their frequency, candidates for developmentally lethal recessive loci can be localized (Hoff et al. 2017) . In addition, the sequencing technologies make it possible to search for the corresponding causative mutations associated with embryonic death. In Japan, there was a lack of information about the carrier frequency of the Holstein to the rates when mating heterozygous males to daughters of heterozygous males (VanRaden et al. 2011b) .
Conception rates of HH2 carriers were lower than the average ratio. Most conception losses occurred before 100 
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C13Y) (Fritz et al. 2013). While homozygous for knockout
allele of MIS18A is embryonic lethal in mouse (Kim et al. 2012) , and while this mutation was predicted to be detrimental according to SIFT and Polyphen on the human protein function, this mutation is less likely causative since residue 13 and neighboring amino acid sequence show only weak conservation across placental mammals (Fritz et al.
2013).
Genotyping of 72 bull sires representing all the haplotypes with a frequency above 1% revealed that mutation g.1277227A.C was only associated with HH4 haplotype whereas mutation g.2490314G.A might be associated with other haplotypes. Subsequent genotyping of
animals that were compound heterozygotes for haplotypes a s s o c i a t e d w i t h g .2490314G . A c o n f i r m e d t h e i r
homozygosity and definitely eliminated this candidate.
HH5
Using a strategy similar to that of VanRaden et al. results can serve as a prove of evidence for this deletion to be the cause of HH5 (Schütz et al. 2016) .
The founder bull of HH5 was traced back to Thornlea
Texal Supreme born in 1957. The heterozygous carrier frequency was approximately 4-5% in the European and
North American Holstein Friesian population and resulted in a premature pregnancy termination before day 60 of gestation (Schütz et al. 2016) . 
Holstein haplotypes in dairy cows
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The Journal of Animal Genetics (2018) 46, 25-30 this study, they found that out of 240 dairy cows, 7 cows (2.9%) were diagnosed to carry one copy of the mutant allele of APAF1. However, the frequency of the mutation was 33.3% in mummified fetuses (Fig. 1) . The mutant allele frequency was 0.02 and 0.17 in the cows and mummified fetuses, respectively. In parallel to these results in Japan, In this study, Ghanem et al. (2017) assumed that the fertility might be lowered in cows carrying the APAF1 mutations due to ovarian dysfunction. In a previous study, Ghanem et al. (2010) found that progesterone concentration tended to be decreased during the estrous cycle in CVM carrier cows due to luteal dysfunctions, which might reduce the conception rate and increase the frequency of repeat breeding syndrome in these cows. Due to the previous reasons, Ghanem et al. (2017) studied the fertility in APAF1
carrier cows through measuring the progesterone concentration in skim milk as a tool to indicate the ovarian function in cows. The concentrations of progesterone did not differ significantly (P=0.8) between non-carrier and carrier cows throughout the first 45 days after AI, in contrary to the previous study in 2010. This study was the first to report the incidence and mutant allele frequency of APAF1 mutation in dairy cows and mummified fetuses in Japan, besides it provided AS-PCR for the detection of APAF1 mutation.
Conclusion
The frequent use of certain sires and their descendants in modern cattle breeding is bearing the risk for the appearance of genetic disorders in the population within a short period of time. After identifying the causative mutation, genotyping was shown to be very effective 
